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Abstract

This paper investigated the material properties of the Moon in the film “Wallace and Gromit:

A Grand Day Out”. We conclude that it is possible for the Moon to be comprised of cheese,

demonstrated by a kinetic friction coefficient of 0.260 which is comparable to what is expected.

Introduction

In the ending sequence of “A Grand Day Out,”
the robot seen in the movie is skiing over two
hills on the surface of the Moon. The film poses
the possibility of the Moon being made of cheese,
and so we investigated the frictional properties
of the Moon to comment on that likelihood.

Theory

To make measurements of quantities such as
the height of a hill, we measured its height in
pixels and compared it against Wallace, who we
assumed had a height of approximately 1.70m
(and if Wallace was not in the same scene then
the robot would be used). As the robot trav-
els down the first hill, the gravitational poten-
tial energy will be converted into kinetic energy
and then back into gravitational potential as it
rises up the second hill. On a friction-less sur-
face, the robot would be able to travel to the
same height from which it descended, but in the
movie, we see it is only able to reach the top
of a second smaller hill. We also assumed that
there is zero air resistance due to the Moon hav-
ing an extremely thin atmosphere, which means
any total losses of energy will be due to friction:

Efr = ∆Eg = mrg∆h (1)

Where Efr is the work done by the frictional
force, ∆Eg is the total change in gravitational
potential energy, mr is the mass of the robot, g
is the surface gravity on the Moon, and ∆h is
the difference in height between the two hills.

We constructed an equation for the work done
by the frictional force in terms of the sliding fric-
tion coefficient:

Efr =

∫ L

0
F⃗fr · d⃗l =

∫ L

0
µfrFN dl (2)

Where µfr is the sliding friction coefficient be-
tween the robot’s skis and the Moon surface, dl
is an infinitesimally small section of the robot’s
path length, FN is the normal force and is equal
to mrgcos(θ), where θ is the angle between g⃗ and
d⃗l, and L is the total path length.

Since θ will vary as d⃗l changes direction, we
will approximate the path to be as shown in Fig-
ure 1. We can then simplify the work done by
friction to be:



∫ L

0
FN dl = mrg(Lflat+ cos(θ1)L1+ cos(θ2)L2)

(3)
Where Lflat, L1, L2, θ1, θ2 are all defined in

Figure 1.

Figure 1: A simplified model of the Moon hills, where
Lflat = w1 + w2 + w3.

Combining Eq. 3 and Eq. 1 gives an expres-
sion for the sliding friction coefficient:

µfr =
h1 − h2

(Lflat + cos(θ1)L1 + cos(θ2)L2)
(4)

Results

Using the pixel measurements we approxi-
mated θ1 to be 1.19 radians and θ2 to be 1.26
radians. Similarly, we found h1 to be 5.07 m,
h2 to be 3.04 m and wtotal to be 7.56 m. Using
geometry and trigonometry, Lflat was found to
be 4.54 m, L1 to be 5.46 m, and L2 to be 3.20
m. Using these values with Eq.4, we find the
coefficient of friction µfr = 0.260.

Conclusion

The skis from the movie are made of scrap
metal from Wallace’s spaceship. We will there-
fore assume that the skis are made out of steel,
as this would be a material that Wallace could
feasibly acquire. To justify whether the calcu-
lated coefficient of friction is realistic, we shall
make the following assumptions:

1. The Moon’s location is cold enough to freeze
the cheese.

2. Since cheese is comprised heavily of water
[2], it will form microscopic patches of ice
on its surface.

3. These patches will result in a frictional co-
efficient similar to pure ice, but greater due
to the rough non-icy areas.

Given that the coefficient of friction for steel-ice
interactions at sub-zero temperatures is approxi-
mately 0.100 [1], our value of 0.260 is reasonable
given the assumptions. It is therefore possible
for the Moon in “A Grand Day Out” to be made
of cheese, especially if it is a high water-content
cheese.

Discussion

The major issue with the conclusion of this pa-
per was the assumption of a patchy icy surface.
This is a necessary assumption made from the
logic that ice tends to form crystals when frozen
inside food products, however there are no stud-
ies into whether it forms microscopic smooth sur-
faces. To further research the possibility of this
Moon being cheese, it would therefore be nec-
essary to investigate the frictional properties of
different cheeses (with respect to steel) and ex-
amine their water content. Another problem to
consider is that the Moon is situated in a vac-
uum which would induce the out-gassing of water
from the cheese. Therefore our conclusion is only
valid at the Moon’s poles where ice can exist [3],
but whether Wallace landed there is unknown.
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